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Abstract 
Power cables are one of the major sources of fire in almost every type of industry including power plants. The present 
paper discusses an experimental setup fabricated to determine the burning characteristics of powered cables in a 
compartment of size 4 mൈ 4mൈ 4 m. Power cables having outer layer of PVC and inner layer of insulation of cross 
linked polyethylene (XLPE) have been laid on a cable tray as per IEEE 383 and burned. An addition tray above the 
test tray at a distance of 27 cm has been fixed to determine the effect of burning of the lower tray on the upper tray. 
The measured parameters include heat release rate (HRR), mass loss rate, cable temperature, char length and 
afterburn time.  
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1. Introduction 
Bunch of cables in kilometres long tunnels are laid for various operations like power transmission, 
power distribution, communication and instrumentation etc. In a power plant, power cables consists of 
single or multiple metallic conductors separated by insulated materials to prevent the short circuiting. 
Plastic materials like PVC, XLPE, polyethylene; polypropylene are used as insulation materials. These 
insulation materials are combustible in nature and are potential source of fire in power plants. Fire 
accident at the Brown Ferry nuclear power plant on 22 March 1975 near Decatur and Athens is an eye 
opening example of fire incident in power plants.  
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Not only in power plants but also in industries, ships, airplanes, shops etc, cables are a common cause of 
fire. In February 2014, an Indian submarine INS Sindhuratna suffered a fire accident due to the cable 
failure. Table 1 shows a number of fire incidences occurred due to cable failure.  
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Table 1. Fire incidences occurred due to cable failure1 
Name of the plant Year Cause 
San Onofre (USA) 1968 Self ignited cable fire due to variation in cable layout 
Browns Ferry (USA) 1975 Fire in cable spreading room (reactor building) 
Greifswald (Germany) 1975 Large switchgear and cable fire 
Beloyarsk (Russia) 1978 cable fire in turbine hall spreading to other plant areas  
South Ukraine (Ukraine, USSR) 1984 cable fire inside containment spreading to various plant areas 
Zaporoshye  (Ukraine, USSR) 1984 Cable fire 
Kalinin (Russia, USSR) 1984 Turbine hall fire with several pilot fires at power cable 
Ignalina  (Lithuania, USSR) 1988 Self ignition of cable fire 
Waterford (USA) 1995 Switchgear fire propagating via vertical cables 
submarine INS Sindhuratna  (India) 2014 Cable fire 
 
      Lang and Huber2 performed experiments to study the developments and spreading pattern of fire in 
cables due to overloading of electric currents and they have also found the fire detection ability of 
different soot detectors during the burning of cables. 
      Coaker et.al3 conducted experiments on a full scale modified cable tray and in a small scale cone 
calorimeter test with cable made of vinyl compound. Results of cone calorimeter tests were correlated 
with the full-scale test results, both in terms of smoke and heat release rate.  
      Xie et.al4 performed experiments to analyze and compare the fire resistant performance of new and 
10 years old electrical cables by the Thermogravimetric analysis (TGA), FTIR and microscale 
combustion caloremeter (MCC). The experimental results show that the old cables have high mass loss 
rate in compare to the new cables. The HRR is higher for old cables in comparison to new cables. Thus 
it may be concluded that the old cables pyrolyze and burns faster than the new cables.  
      Passalacqua et.al5 conducted experiments on various types of industrial cables to determine the mass 
loss rate in vertical as well as horizontal cable tray positions. A radiation heat source was used to ignite 
the cables. They found that the fire retardant cables installed in horizontal cable tray burn as long as heat 
source is kept in place. Soon after the removal of the heat source, the cables stop flaming, whereas the 
cables installed in the vertical cable tray continue to burn even after the removal of the heat source. The 
rate of growth of fire depends upon the exposure time as well as on the strength of heat source.  
2. Experimental setup and methodology 
    For experimental analysis of fire associated with cables inside a compartment, a setup has been 
designed and fabricated in the Fire Research Laboratory of IIT Roorkee. A compartment (room) of size 
4 mൈ4 mൈ4 m is constructed for experiments. A door of width of 1 m and height of 2 m has been 
provided at the centre of one of the wall of room for natural ventilation. The room has been constructed 
with the red clay fired bricks and cement-sand plaster of thickness 0.02 m has been applied for finishing 
to the four walls. The thickness of room walls is 0.23 m. Ceiling of the room is made of reinforced 
concrete. Thickness of the roof is 0.2 m. An exhaust system is attached with the compartment with a 
hood of 3 mൈ3 m size as per ISO 9705 standard.  
     Electrical cables (specifications shown in table 2) are laid on well ventilated metal trays. Cable tray 
is designed and fabricated as per IEEE 383 standard. Size of tray is 100 cm in length and 30.48 cm wide 
as shown in figure 1. These cable trays are made up of galvanized steel. For experiments, single 
horizontal tray and double horizontal trays are used. Figure 2 shows the design of double horizontal trays 
system with cable mounting. The space between two trays is kept 27 cm. These trays are supported by 
four vertical slotted rails and whole setup is placed on load cell. 
 
 
 
Fig. 1 Metallic cable trays as per IEEE 383 standard 
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Table 2. Specification of cable 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Double horizontal cable tray systems 
 
     Figure 3 shows a ribbon burner that has been used for continuous supply of heat to the cable tray. A 
burner of 21 kW and 250 mm flame height has been designed and fabricated according to the IEEE 383 
standards to ignite the cables. Flame surface of ribbon burner consist 242 ports of 1.35 mm diameter in 
three rows as shown in figure 4. LPG having heat of combustion 48.54 MJ/kg is used as fuel for burner. 
Burner is calibrated for 21 kW heat release rate (HRR) by the cone calorimeter. 
     Digital load cell (capacity 300 kg, accuracy 0.5 g) is used to record the mass of cables during fire.  
Insulation seat with glass wool is also placed on load cell to avoid the effect of fire on load cell during 
experiments.  
  
Parameter Specification 
Voltage Rating 1100 volts 
Cable size 35 Square mm 4 core  
Cable Outer Diameter 25 mm 
Current Rating in Ground 113 amp 
Current Rating in Air 117 amp 
Current Rating in Duct 94 amp 
Conductor Material Aluminum 
Insulation Material Cross Linked Polyethylene(XLPE) 
Jacket Material Poly Vinyl Chloride (PVC) 
Weight og cable 930 kg/km 
Heat of combustion of PVC 15.4 MJ/kg 
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Fig. 3 Ribbon burner design layout (all dimensions are in mm) 
 
 
 
 
Fig. 4 Schematic of ribbon burner 
 
     Thermocouples of K type are inserted inside the cable to measure the temperature of conductor and 
temperature at surface of cables during the burning of cables as shown in figure 5 (a) and figure 5 (b). 
Two-two thermocouples are inserted on middle cable of lower tray and upper tray.  
 
      
  Fig. 5 (a) thermocouple location in lower tray cable; (b) thermocouple location in upper tray cable 
 
     Four experiments are conducted inside the compartment by varying the expose time of cables. Cables 
are mounted on two horizontal trays. Single layer of seven cables are installed on each tray as per IEEE 
383 code at a gap of 12.5 mm as shown in figure 6. Space between trays is maintaining 27 cm vertically 
and the distance of lower tray from floor is 70 cm. These trays are supported by four slotted channel and 
entire setup is placed on a digital load cell of size of 70 cmൈ60 cm to record the mass of setup with 
cables during fire.  
      Insulation seat with glass wool is also placed on load cell to avoid the effect of fire on load cell during 
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experiments. Burner is placed on a stand at 20 cm below the lower cable tray and 50 cm above the floor. 
In experiments, 20 kW heat is given by ribbon burner and burner ignition time for experiments are 1200 
seconds, 600 seconds, 300 seconds and 200 seconds respectively. 
 
 
 
Fig. 6 Schamatic of cable tray with cables 
3. Results and discussion 
    Four experiments as given in table 3 have been carried out. Cables were laid on the tray as per IEEE 
383 and burned with the help of ribbon burner of heat output equal to 20 kW. The exposure time was 
varied from 200 seconds to 1200 seconds. 
 
Table 3. Details of experiments carried out inside the room 
 
Exp. 
No. 
Experiment No. of cables /tray Burner output (kW) 
Exposure time 
(sec) Initial Mass of cables (kg) 
1 Two cable trays 7 20 1200 13.020 
2 Two cable trays 7 20 600 12.120 
3 Two cable trays 7 20 300 12.576 
4 Two cable trays 7 20 200 11.771 
3.1. Heat release rate (kW) 
     Figure 7 shows the variation of heat release with time. One can notice from figure 7 that up to almost 
300 seconds all the energy supplied by the burner is absorbed by the cables. Thereafter, the heat release 
rate becomes constant and it is equal to about 17.5 kW which is lower than the energy supplied by the 
burner. This indicates that the cables are absorbing some energy even after 350 seconds. The contribution 
of heat release rate by the cable is insignificant. 
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Fig. 7 Variation of heat release rate with respect to time 
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3.2. Mass loss rate (g/s) 
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Fig. 8 variation of mass loss rate with respect to time  
 
     Figure 8 shows the variation of mass loss rate with respect to time. The mass is lost in the first 350 
seconds and then there is no significant loss in the mass of cables. 
3.3.  Cable temperature (0C) 
Figure 9 shows the variation of cable temperature with time for the case of lower tray. It shows that 
the surface temperature in all the experiments rises sharply with time up to 210 seconds. After 210 
seconds, the surface temperature starts deceasing. The core conductor temperature also rises but slowly. 
At about 480 seconds, the core temperature and the surface temperature becomes equal to each other. 
The value of this temperature is equal to 233Ԩ. 
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Fig. 9 Temperature profile of lower tray cable with respect to time  
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Fig. 10 Temperature profile of upper tray cable with respect to time  
 
     Figure 10 shows the variation of cable temperature in case of upper tray. The meeting point of core 
temperature and surface temperature lies at 850 seconds. The temperature at the meeting point is 154Ԩ. 
The maximum temperature of the cable surface in the upper tray is equal to 283Ԩ and the time to achieve 
the maximum temperature is 90 seconds. 
3.4.  Char length (cm) 
     Char length is a measure of the length of the damage part of cable after its exposure to fire. Figure 11 
through 14 shows the condition of cables after removal of the heating source i.e. ribbon burner. In 
experiment 1, char length is equal to 26 cm from expose side in both tray cables while from unexposed 
side it is noted 24 cm and 20 cm in lower tray and upper tray cables respectively. It is clear that in 
horizontal cable trays, fire doesn’t spread more along length. It is also observed that upper tray cables 
don’t catch fire they melt only due to the heating effect of lower tray cables. In experiment 4, char length 
is 20 cm in all cables from both exposed and unexposed side. 
 
 
 
Fig. 11. Lower cable tray exposed side after burning 
 
 
 
Fig. 12. Lower cable tray unexposed side after burning 
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Fig. 13. Upper cable tray exposed side after burning 
 
 
Fig. 14. Upper cable tray unexposed side after burning 
3.5.  Afterburn time  
     Afterburn time is the time period for which the cable burns after the burner is removed. In experiment 
1 to 3, it was found that fire extinguishes as the burner is switched off i.e. afterburn time is zero while in 
experiment 4, it has been observed that cables give continuous flame even after burner is removed and 
afterburn time is 38 sec. Table 4 shows the percentage (%) loss in cable mass and afterburn time for 
various experiments. 
 
Table 4 Percentage loss in mass and afterburn time 
Exp No. Initial Mass of Cable  (kg) 
Remaining mass of cables after 
experiment (kg) 
% loss in       
mass 
Exposure time 
(sec) 
After burn  time 
(sec) 
1 13.020 12.650 2.84 1200 0 
2 12.120 11.815 2.51 600 0 
3 12.576 12.3168 2.13 300 0 
4 11.771 11.591 1.52 200 38 
4. Conclusions 
     Power cables forms an integral part of an industrial setup. The materials used in the construction of 
the power cables are highly toxic. When the cable burns, the toxic products are released. The release of 
toxic gases pollutes the environment and makes the atmosphere hazardous; hence it is necessary to 
restrict the burning of cables. In the present study, an attempt has been made to study the burning 
characteristics of two layer of power cables fixed in two trays. 
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